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(54) DATA REPRODUCING APPARATUS 

(57)Abstract: 

PURPOSE: To suppress the effect on a clock signal for 
synchronization and the propagation of the maximum 
likelihood decoded error by providing an error detector, 
which detects the phase error of a synchronization clock 
signal and a point for sampling a reproduction signal, in a 
maximum likelihood decoder in a data reproducing 
apparatus. 

CONSTITUTION: A phase error detector 25 is provided 
in a maximum likelihood decoder 7 in the data 
reproducing apparatus for an optical disk 1. The error 
detector 25 obtains phase error data, and the data are 
converted into the error signal in a D/A converter 1 1 . 
For the error signal, the phase of a reference clock 
signal is adjusted in an LPF12 and a VC013. The clock 
signal is supplied to an A/D converter 6 and the 
maximum likelihood decoder 7. In synchronization with 
the clock signal, the sampling in the converter 6 and the 
detection of the phase error data in the decoder 7 are 
performed. When an error has occurred in the maximum 

likelihood decoding, the sampling value is obtained by the phase, wherein phase error is 
corrected, and the phase deviation of the synchronized clock signal is automatically 
compensated. Therefore, the propagation of the errors is little. 
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[0002] 

C 0 0 0 3 ] X -7 vifi^iy 3f >iBii:?3 3CJcfi^ is!^5 

n/ciSlif"-^'^^^'r^7^£br. PRML (part 

ial Response Maximum Likelihood) i 9 "T — ^CD^^ 

ms^mm^tixi.^^. copRULn^imu. 

ItHccfc: t; r^ia L tcm^^^f" a ^^tm L x^ so 



17 13 0 
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(A/D) ^t^^«:ct-pri^>-7'«j>i:7'u. -ecD 
txtcm^^jmm^^m-^ys^xn^y'-^^^iy. ^ 
c 0 0 0 4 ] ^ 1 ^^^m^mtmm^^ -225433-^ 

( 1 . 1 ) ) <i:)^^c]Z^cx^m^nfct^m'f-^tm 
m^tiXi.^^^T'A :^^x$>^. 7^7= Y ;^ ^ 1 CDT77 «: 

3feT^ ^ X ^ 1 (DiEmr- ^ acMft u tcw^m-^^m 

^^#^Wi^3ocfcB;^-r'S, ±ii|ii^3iiA;^^n/cW 
^m^^m^Lxmm4^i^^^'r^. mitm^^t. m 
^^tifcn^im<Dmm^mBLxti'-^'<:;(.y h ju^i 
(LPF) 5(cm^t^o LPF5«, mmmmwLpji± 

(ommii^m^^^mmiyx. i&m'^m(Dn^m^^AyD 

[0 005] MMK^^i n^m^coviyy' u > ^ 
7 m^mmmm^n-^x^^mrjin^m^^n^. 

[0 0 0 6] DXAm^m-Uit. mm^y=''^ dJ, 

(LPF) u^cmt^r^. LPFi2t^. immMm 
^^mf£\y^)i'(iC^t^Lx . (vco) 

moi7Uyi^m'^^mm^ti^^mwtLx^o. ^ 

[ 0 0 0 7 ] s 2 ti. mxm^^ 7 of*3^it^^^-r® 

[0 00 8] Mxm^^7 n^m^oAXDm^m 
6(fCj:^-*ryy'vy^m^Mmy'-^^u-^'r^tK a 
:^m^f}^fbmix>fbLi^y'-^^^ihCtc6t(fC. -e<D«i 



3 

^ 1 " i •'O" iCDral^CfcC^r^. " 1 

"1" ^<7)f'-~^il^>'>X. "0" f)^^ **0" ^(Dr"- 
^ig^ySX. "i" tf^h "0" ^Of-^i^^^^^^^Uf 

X. "1" "1" -^<Df'-^il^/^•X;5^me»t^•5f^ 

"0" "0" --<Dr^-:$rSj^/>'X/)SM.*=>ti<Sf^-^ 

/c, "0 " " 1 " " 1 " "0 ^<om^^^ 

>^3j)5m6n^r-^ig^tfc^^no merge (y-^- 
[0 009] S3, ^4. ^5. miiit. 

m^24. fetg^MM£±5^250cfc6:f^-en^n(Di«jf^^ii 

(0010] ^-i^mMm2l!ct. AyD^^m6^^h(D 

-So C£?:i^-i^^J^gi52l5i. ^3^C7j^-r:7n-^-f- h 

:7-S 1) . -?-cDA;^7^-^y. i^filA. i^ffiO^r 
z. ^z. =y, -A. iurjU^rs {::^Tv':rs 

2) o Zk (D-fiitCfDCT + merqe . — merge . no merge 
^m'^'Th {:K^yy'SZ) . -merqeCZ. <-!)© 

:7'S 4 ) , no merge ( - 1 ^ Z. ^ 1 ) CDi ^4^J^fiiM 
, =00ilS:^L/ (X7^^::^S5) . +merge(Z, >1) 

(Dt^mmmu, ^oitrnM-Th {:^Tvy's^) . -e 
CO 0 1 1 ] ^^\:mmwm2U. axd^^^6 75i^6cd 

•t?->>'*';>i^7=-^yk t'7-iym^^2:if)^^<OZ,, t 
rH^TS. C(D£^^.C^Mvll#^22{3:. ^4tc^Tr7D-^ 

{:^ryy'sxi) . z. (Dm^mm-ri> i:^Tyy'si 

2) . -eur. z, a5^ocj£;D:fc4J'i:^^I^-^C*?ll 
..^...(^U'^xmw-L {y^f^yy'siA) . z. >2<Dm 

(Xf--^7*S15) o Zk >2C0I§^<!:«. BIKiC 
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4 

Knf-^y^ A^-l-merqe <D\J^1^:Ch^(OX . ^OKti 
ir-^y^ iy^p^^mt^mW^ -2" ^Wrfh^t^^ 
0. 43>G^^ii'r-^Ctd^^^^^>^3 Z. <-2<Dil^i 
5^0CA:^'r- j7yfc 7:^^-merge<DtiicS'C^^(D 

ttc. -2^Z, ^2(Di^^it3:, fiiUCC + merge ^fc 
ii-merqe tpmx^f^l^m^ (no merge^^t^) T'*) 

c (n- 1 ) c,„.,, + c, J ynccv^^xmwr^ 

file ... . ^^^a/cfii^tJW^M-^cocti.d. U-<;l/^^tD 

c 0 0 1 2 ] mmmmnm3ict. a/d^^^6 

20 M, ic^'^C^{iI-^M^^22;0^6cD't3.C^fiiC...e<t^fflCir. 

iilA,., ^?M#^^o ^il^filM, =10 (Z. < - 1 : - 
merge)CDJt^. ^OA..^ =2C,.v,-y. - I 

WL {^7'yy'S23) . nmrnu, =00(-l^Z, < 

1 : no merge) ©J^^. ^m^A^.^ =2Cfc.v.-A* 

30 (;^7'-:^:7-s24) . mmmu^ =01 (z. > 

1 : +merqe)<Dl#^. ^MA^., =2Ckav-yk + 
l^iS#-r^ (Xr-.;;7'S25) . ^br?II^L/c^fii 
A.., ^V^>?^J^§P2lK:£f5:^T'5 (^7='->^r7-S26) « 
[0013] -r-s^^aiSP24ii. •7--v?=^^^2i;5^60 
^J^iiiMk iiCm-^^^XV'lyy'V^^r'-^y^ (D-merq 
e 35^6 + merge ^©^{tL5^C;^+ merge :!&^6-merqe ^<0 

mt^^m-r^. -^-ty^mmiMt. me(>c9fk-^yu- 
^t'-h^i^o/cMii^^f^, -7->>m^m2if}^^mfc 

tjim^mu, ^X^-r^t (::^Tyy'S3r) . ^i§:A. 
40 = (a,,, a.,) 5^ (0. 0) . ( 1 . 1 ) ^^^U. 

CDfi^flJ^-rS (Xr- '7^5 32) , M, =A. ( + 
merqe ^/c5i- merge X^it^JiL) RV^M^ =00 (no m 
erge) (Dm^, mJ^O^WCA, ^^{L^ii^.a^'CAwa 
= A, i-r^ (>^7=--y r^S33) . ^/c. Mk ^Ak ( + 
merge 75^6 -merge ^(D^it^fcfit — merqe ^^6 + merq 

^urAwi =M, tr^ (;^7"5^:/S34) , -eu 

50 [0014] 
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dk =deffc -rdetk 

= ( a ki • TTa • nuT " nik 



C 0 0 1 5 ] no merqeZ^C^-r- merge ^fcJi- merge "C^ 

y' 0 > -r - y k O + merge 6 - merge -^O^YtS 

O^'- merge ^^6+ merge "^O^it^^h^i^a^it. ^ 
(1) J:Odk = li^cC-Sc 

[0016] fi[t^^^llig|525«. A/D^^S6*^6 

fiiCk.v.i'v'->^^ai^247&^6(D^m-^f=-d7d. t 
CcS-5i>T{itSM^7=-5idTk =S:?i#T^o CO(4+S 

mtcrj:m:Xm^7'- ^ d . (mix y i^fcfc^-^f^-- ^ d 
e fk ("1" ^/c«" 0" ) SCM^x 
-^der, (" K 0" ) ) ^XtJ-r%t 

fflC..,.,,S:C;^-l^>7'y>i^7=-iSfyk-x imrx-:;e;^^ 
:fcm^f^-^def. i^ffiC^r. dTf. = (C 
k-^...-yk-i ) • def. (fCXmUL. ^/c. ^i^x.-j 
i^it^My^-^dT b^cD^O ^ ^ ^ ^ >^ 

V 1" c!:^cC^(7:>r. mfx-vt^fetg^Mr'-^dTf k 

{3:, M X i^,'^r•cDW5fe^l^^o4'.c^iii i 1^ > 7* y > y 
-i?i<DMtc^j£:-r^c<i:(c>5:^o tfc. mm^. f^x 

Byx-^i/{itB^Mf^--^dTf , tm:^yzymmmy' 

[0017] sdmcot^^rij^s^-r-s, K 
mn^23. '^-iy^.mm2AtfCx. ms, 1^4. ^5. m 



C4) 1#§^^9 -17 13 0 
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1) -r Caki*akx'mki*inkt) 

( 1 > 

r-^d, i)mhti. mhtitcm:m^-r-^d, 
10 [ 0 0 1 8 ] i/c. ^'m,^^ix:\x^(j>mmm^m 

S|S25W:r. mi(Oyxj-^^-Vticm,r>tc^m=ri:^ici 

^MT^-^'dTk liD/A^j^^rLCcriitg^^m^tc 

;utcj^:;L;t:vcoi3tcrs?ii^n 

ii^fi(D^p-y iS'fi^j&iA/D^^e^Ro'^:;?: 
m^^7^pj^^ns. 
20 [ 0 0 1 9 ] ^stj. mmmrn'mmBD^^m^^^-f 

icDfHlO^tS^Md r;i?^iE ( + ) X^h'^^^mX^X^.^ 
-5. CCDit-^. X'>>?i=^.tC^tDUfci5f^^ $>i5<^^{it@ 
^^dT«:M£c.UfciE ( + ) <D!ii?Hg<!:^j:^^tai^^m 
-^;&^D/A^J^^U^^6£ii:^^n. -e<Dfirtg^^ft-^;55 

-^;55f#etiSo ^8 (b) mmo^ay^m 
^(Dm^ (mw) t n^m^<Dmmmrj:v> y' 0 > y 

30 (OEH) i(7:)ra10{itB^Md r;5m (-) x^^m^^ 

@tc{itiMMd r^cmu/cm (-) (Dmrnrntfji^i^L 
^m^^^LPFn'^xy ^ f;>y?nrvcoi3-- 

^^mi.^^ctxmm^miE'r^. 

[0 02 0 ] costly ^m'^(>cmMLX. ±j^UtcA 

40 (DWtmmr'-^d, Rumm^T'-^dT^ (d^m 
dk it. iy7M^mmmmtjint>tiX7z(oimy=-^ 

[002 1 1^1 '^Cn^Tmmtm:^ y V m^m^<DtL 
tc^ur. w^i^^cDMx-^e^sw^x-yi^fc^ttDt/c 

50 7='-:5fM^^?f9ftj5!t5CUfcM^2^75^^6nr*J0. c 



^f^S6a. fcfcH-^^Za. D/A-^J^Siaa,LP Fl2a, 
VCOi3a ^rmix -:;S^'^isCf -Sfefcm-^f'-^^^ai.^ 

^llb,L P Fl2b,VCOi3b ^rf^x i^iCfcC:^ >E>^* 

b. D/A^^Slla, Hb, LPFl2a, 12b. VC013 

a, x3m. "^n^ti. mi^Lfcm I (^^-rmf^^^do^-f ^ 

A/D^^^6. D/^Am^mn. LPF12. VC013 

[002 3 ] tfc. ^xm^7^, 7b(Dmf^i>. mmo 

tVi&^ltiCM!Z^LX\.^^o SE^r. S«x i^^^CD^il 

^def. 35^m;fj$n. {it9^^^ffigj525A^emrx.yi^ 
mmmf"-^ dT f, 3&^ai;^;5ti^. f^x-^e;? 

[0 024] ^10 ( a ) . ( b ) fct^ti^fimJ^ v iy 

^. f^x v^.<omm^^\^^25t.c^i^ ^mi'^^m^ 

de f, ^^Jj-r^t (:^'r:^y'5i) . fy x 
M-r-^dTf. ^dTf. = (C..^...-y.., ) • 
d e f k k:r?||^L. (:^y":^y'S2) . :^2s6/cdT f , ^ 
DXA^^SlOa {C£ll;^-r-S (Xf*u.y53) » ^ 
10 < b ) CCT^Tf^x >?3^C0^:fg^M^air'«. fr/c^ 

:7-61) . \k:^vi>mmA'f-^d'\ €:dTr. = 
(Yk-i -Ck.a.v.) -der, tcrM^U 
62) . 3|ca6/cdTr, ^D/A^j^Sllb {cm:^-r^ 

(;^'r -;;r7*63) , 

[002 5 } mmM^^7^ 7bf)^fb<Dm:c V vrnxm 

-^•r-^def, . m^y^:^M.X1K^r=-^ d e r 

u ^t. m^itF I FO (First-In First-Out) ^^U^ 

f^Murtf^^nrc^^^^gtc. fax >?^:t^i-^ 

f'-^def, J&^VC0l3a ;?^>60mfx^r>?i^n ^fl 
^ic(5lSI!b. tfc. mx.yiyWLXm^y'-^de v, 

ti^tl^. -eOT. HrrX';;i^^::fc^-^7^-- j?d e f k 

C/fMx V i^mXt^^f-^d e r , tf^m:^ -jV>t^^-j^ 

d, tt£h„ "^(ornxm^r-^d, (i, m\'^7fs-rm 
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[002 6 ] ±^LfcJ:orj:^mW-6 -225433^iCg|7^^ 

xm^7 (7a, 7b) <Di^Lmmm:^lhm5, DXA^m 

^11 (na, Ub) , LPF12 (l2a, 12b) RaVCOx3 

10 (13a, 13b) i^j:^xmmPLL^^^mf^^ti. 

[0027] 

[^^*5pt^0<J:^<h-r^^] ic^r. A/D^» 

r-ru ^(Dm^mn ^ 2 mim^x:^ ^ y x ^ai l r f# 
20 7siy-<)i(D^mi^tcummMi^(Dmm(^^^x. a/d 

[0028] —yj. ±mofcmxu. mxm^^<tc:^^^ 
r if > :/ y > ^x- 3? ^ i H^m-^co^i 

30 o y ^m^<Dmm^m7t^n^(Dx. ©^^-^0^1^ 

B^ral^^c^aa u r a ^fl^ i l?^fi-^oi^> ■7* y > 
[0 02 9 ] u^^o. co:)7^r^i, mx^<M.^mcm 

40 r^-2>o Sii(a) <?)J:^^&tB^^flW. ^n-;.^ 

-5. ^11 (b) {c^^aix^-^ssj^^uAiii^^&^-ro m 

mE<Dmummm-^t^:K^^>t. mn ( c ) tci^f j: ^ 

[0 0 3 0] ^mMiim^^^m^icm^xrji:^titch(o 
50 -c^)*?. :©:fcm-^^«:x^-;&s^^Lr^. -ecDxv- 
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[00 3 1 ] 

mm^m^.t htc^(D^m ^m.(om^m i'^c%^t 

yy'oi^^^m^. mnEmm^uy^mn^cmmiyXm 

^^^xmm^tifcmmm^miE'r ^mE^MmiE^ 
[0 03 2] :^m<Dm^m2cc%^r- ^w^mmu. 

[003 3] :$:m<om^m3(^m^y=-^w^mm^:si. 
n^mitMt2(^i6i^x. m^EimmmmiE^m^t. 
^Hi^Mcmmmiom^'.cm-^i.^xmmm^msE'r 

[0 034] :^m<onim4i^%^7'-'^n±mmt. 

iy^J\^^WL^OX^^^Ct^n^t'r^o 
[0 03 5 ] 

um] :^mmx^t. mmm^.tii^m(^x . mm^^ 
mmm^^mo. ^tm^(^:cy-fm^ux(.^rj:i.> 

^ay ^m^^omsrti^m^T^. :$:mm(ommm 
xh. mm^tiy^m^(omE-rti^^mmiE'r^(D 

^X.yty (fix y i^) iSl^T^&i 0 X v (^X y 
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t^^i^yV im^LyV) (J:>m^mMtyL^yf)^^:^yi^ 

(fix 0itLmmmt^i&timcmii^r^j:'?icu 

[0 0 3 6] 

i^xmi^mi^mmr^. 

[0 0 3 7] (mimmm) ^mM<Dmimmm 

bfc^m^Q -22SA33^(^mmLfci:,<Dtmmcx^s 
2sx(D^m^m^^nfj:-z>xi.^'6. 

[0 0 3 8 )^7"^:^^ I i^Oit. m5^lX7^S$IM 

^m^ti^c%my'-'^tmm:^nx\.^^. %y=^y.^\ 

20 fi-^^iiiti^3{cm:^rSo im^m^uKti-^tifcn^ 
m^^m^i^xmrnA^-^mtit^. mt^Avx. 
^titm^m^omB^mr. u r l p f 5 tc^T ^ . 
^'^^mx±.<D-mm^m^^mmi.x. 

[00 3 9] S;«:^#^7«. tfVT-yVi^T^-iS^y, 
[0 04 0] D/A^g^llii. mmmy"-^ dT, 

^^6. LPFi2{i. mEmmm^^mKu-<Mc^m 
Lx. vcoi3ic£t};^)-r^o vcoi3«, "f-^mm 
<Dnmm^tmc^uy^m^^mM^x2y{?m^t{J 

K\y^)\y^^^CXmm\^. m'0Lfc^X2y ^m^^AX 

40 Dm^^6tMXiK^^7 ti^cmt^r^. Ay-D^m 
s^a^mM$i^^7^t. c<D^ay^mn^mmox^ 

[0 04 1 ] ^*?S^^7U. m2lfC9jk'rJ:^i^. 

r. v^t?fii^gp2x ^cMmw^22. mmmmnu23 
R(^'^-'Zy^^m24<Dmi'^^m^t. s^^tciui^tL/c^ 
^mom^tmmx^^f)K iiLmmMmm^2$^ci6(>i^ 

50 [004 2 ] 03, 04. 05, 06, 012«, -7->? 



C7) 



- 1 7 1 3 0 



•^mmx ^^LMmMU22, mmmMww^23, ^-^^^^ *si6) 

[0 04 3 1 -^-vnnUi-^kX. ^3cc^-r:7n'-^i. 

i (;^r ':^:7's 1) . -ec7)A;^7='-^y. tmmmA, 10 
i^^l^rZk ^Z, =y* -A* tLrmW-'T^ (7. 
"rvy'SZ) „ Zk (DWvCCoCT + merqe . -mercie . 
no merged ^J^f^ {:^f'yy'S3) , -merqe(Zk < 
- 1 ) Oi^fiJ^iiM, = (m,,. muz) =10d:^b 

r7*S4 ) . no merqe ( - 1 ^Z^^ 1 ) <Dt^ 
mMmU, =0Qtm^O (y^ryy'SS) . +merqeCZ 

. >l) Ot^'^r^mu^ =oxtmM-§rh {::^'ryy'S 

6) . -eor, mMLtcmmmM,^. m^m^Mwrns 

[0 0 4 4 ] 43ii:^<i?ll^^224i. S4CC77^T7a-^i' 20 

^(O^^C^ b 6 , . ^iH^T A/ D 

, ) ^A;trT^i (;^7"-^7*Sii> . z, offl^fij^r 
a (:^r-:':7*Si2) » -eur. Z^ (7)^K:fD D/c ^^^C^iii 

7"-^C.,^C..= y. +2CC^^^-C?I#G (;^T">y7* 
S13) . -2^Z. ^2CDia^tC6i. ^^C^Bt'-^C,^ 
€:Ctd = Ck_^.,eW:tJ!or?IIPL (Xf-y >^Sl4) . Z 30 
u >2 0i#^CC«, 4i>i:>fi7^-^Ckd^Ck, = y, -2 

/c 43 -C^fi r - C k d <h BO lil ^ 6 tlT ^ S cJJ ^ll^fiiC k . 1 . V . 

t^m^^r. ^^(D^^\:^mc^,,,^c,.,,= c (n- 

dk = defk + derk 

= Ca ki * a ts • nik I * m.s) + 
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[0 04 5] gi3iiil?1^^23t^. S5^^T7a-^-r 

^y. c!:-7-t;^l^gP2i;5^6(D^I^<iiM. (f:ct3,c^M^f^ 
IH522;&^6(7>c|3.i:,,^Ck,v.<i:^mc^r. ^filAk.^ ^iM 
^T^, A/D^^^6;i>^6f?fc?:cl^>:7'»; >>7'f^-^ 

mmM, com^^mr^ (7.ryy'S22) ^ux. mm 

10 (Zk <-l : -fnerqe)<DJl^. mmmA,., =2C 

..,,-y, -i^mno {y^f-yy'sis) , nmuM, 

= 00 ( - 1 ^Zk ^1 : no nverqe) <Dit-^. ^iilA 

=2C....-A. ^M^l. •:;:7*S24) . ^J^ 

iilMk =01 (Zk >1 : +nierqe)tDii-^. S^ifilAk.i 
= 2Ck.,,-yk + 1 (>^f--y :7'S25) „ ^ 

Lr?M^Ofcg?ifilAk.x ^v-i/^K^2i^ai;^t- ^ 

(Xr yS25) , 

[0 04 6 ] v-i^^aig(S24(3:. mQtcffkryu-'^'^ 

Ci"C1^>:7*'; ^^T—^y ^ O- merqe 35^6-!-merqe 
CD^fll5lO' + merqe ;Jj^6-rnerqe ^CD^^t^t^ffi-r 

y-yy'^yi) . ^I^Ak = (a^i. a^^) ^ (0. 
0) . (1 . 1 ) ^Wkh. Mk (XT' 
y >'*S32) o Mk =Ak (+merqe Sfc«-merqe X^ 
{tf^lj) 'ELTWi^ =00 (no merqe) <Di#^. HlTIilCD^iS 
Ak ^^Ib^-li^'cCl^rAk.t =Ak <bT^ (Xr-':/:/S 
33) a $/c. J^Ak ( + merqe merqe ^CD^ 

{b^ ^:fi- merqe 6 + merqe ^CD^ft) Oil^. 

Ak.x ^frrisio^aMffiMk tc^^br Ak.x =Mk 

:rS35) , 
[0047] 
[^2] 

( a k 1 • a fc a • m k I • m» ») 



[0 048] {iit§PM^aiii525{i. ^i2^c^T-:7 n--^ 
I'-hiCtJ^-^r. A/^D^f^^6;!P6<01^>:7'y>^x 

^tiim247^^(DmriM^r'-i^d, a^cm-^i^xmBm 

-'^^mm24tt^i!>mfctj:MM^^7'-^d, (tux-^^ 

mxm^T-^de f k (" 1 " $/c^r o" ) 

Xvl^MiXm^f-^ de T, r I" ^tcict" 

P^r-^^dTfk ^. By<D^n-;;i7^>f ^ >^k- 1 
CC-C^te nfcftJ'OgtC k- a . , .s?>•t^> 7* »; > ^^7=- y 
k-. iMx-^^^^fl-^T^-^d e f k i*^C^r. d 



Tf k = (Ck-x.v.-yk-a ) ■ d e fk ^CXmUi^. 
40 ^fc. ^ik^viy^^m^T'-'^ dT T u 4:. mro^a-v 
^ ^ >yk - 1 cct:^6ti/c«'6fiiCk-..,.5tc;^-9- 

>:7'y>yf^-^y,.i if^x .7>?^:t^-^f'--^d e 
Tk i^ffiC^r. dXfk = (yk-i -Ck-,...) • d 
efk ^xmU-Th (^y'vy'Sn) „ mJ^yi^rnXm. 
^r-^d e f k :S^ft-^(Df(fx.;;t?,'=^. (^-^Ji^ii 

5?dTfk ii> mrx-;;i/..^rO^^^^<^43>u{ii<h1f > 

(iic. ^x-y5;^{i*S^Mx"^?dTrk tt. f^x^yi;?c5 

50 (iLi^Ti!)^*)!^,:) v<on±m^o:>^^c^m^'*t>y'vi^-^ 
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, ^ . iiegy X i^mmM:7=- ^ d T f k tm^^^yi^ 
:7'S73) 

[0 0 49] ^isbf^ntcii^mMr'-^dT, ^^hS I 

S74) , ;Xic. co@l^POfc i I ^'H-^ i'fio^i^p 

^nm>^o\:x}LX:^^t^'^tt^^m%r^ {x7-y':/s7 

f*';^:7*S78) „ — 't<Dmnmti^o^m-ch^^^iC 

kt. f#6tlfc{4tg^Mf=-^dT, <D|g>Pffiii§f^Oia 

mg^x-^dT, CD^>J^M>&^^ilU-i;bdT3 IdT 

o|g)S?fM5&M To ^^(omkP o 

[0 0 5 0 ] ®i2CC:in-r:7n->^i'- F-^ijl^^T. Po 
, xpo,., C0#^. Ra. mmMy'-^dT^ <Diz 

^O/N*37->^^^0-C*S„ 014(a) it. Xv^y 
>^*S75rNO (Po, xpo.^i <0) . 
S76r'€>NO ( I d T, i >dT„ ) 

^^>yk- ir'0^i^Po,_. ^RAU. tetamMf^ 

t0 05 n Sl4(b) ti. Xf'-yr^S75TNO (Po 
, xPo,_, <0) trj:Ki. 7,r'yy'S76XYES (I 

dT» I ^dTa ) <^:^c^^^•a?-->M-c^»5. mmu^ 

^14 (c) Xr-:^7'S75rYES (POk xp 

-g-o^^msMMf^-^dT, ^m;bLx. :;X£0^ny>7 
[0 05 2 ] t^±cDJ: ^Jc^^H^^r^. Se^Fdil^^ 
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r-^dT, ^iBL/cfitSM^T^-^dT, 

t^ccs-^i^r. ^mtfc{i^si^^f"-^dT, ^PL 

253.^ 1 ^>^m^254.^ 2?Jlim^255,^ 1 ^ b ^255,1^ 
10 1 ib^S 2 57 ,M 2 itl5^2 58,^2-feU^:S7259,:^3-feU 
i'd?260,^3'>r^ h Ui^;^^7261,EXORI5I^252,4ia 
<D A N D 11^263 ,264 , 265 , 266 ,1^ 4 -fe U 267 . X- 

[0054] mim. ^is^ijtt 1 it^^257 sc;^ 

I^2i:(:l^g258 ^fcCf ^Affi:^#1±^^T0T^^„ 2 

r^-^c, d. e:^ai:^$n^. 
[ 0 0 5 5 ] ^ 1 2>:7 h Ui^;^ d?25i tciicfJ/C^H^^ 
20 22*^p>(Dcp'OfiiCk,v«3^>^^Xo^p ^ v^sr^ 

Un^n^. miM^^254«mi e>:7 h U>^X^251 
;5:»e>OEtiii:^MCk.t,v,5i)i6^2>'7 h U>?X:S?252 t^h 

hfc^u V if (zxc (Dm 1-^^254 ^^^m 

:^$n-5^t3:. ®i2CD;:<r*-;;:7*S72tcin$n^j:^0c?S 

n^ntcm^y'ymmmr-^dT ttc^^ mz 

12<D X f - S 72«:^ $ ti ^ J: ^ ^ jH^ $ ti/c^x iy 

[0 0 5 6 ] ||l-feU^^256 U3-:><DXti^l-A, 
B. C^W^LTC^^. ^|&^^253tC^3n/c^|^ 
fit" 0" ti^X^mi-K^^. :^1M^254 *^6(Dfii*5A 

;^3^^BtC. I^2^)i^^255 t^h(Omi^^Xf3^'^Cl>C^ 

40 ^i^^^$txri^-2)o mi*feu^>i$r256 «3o(7:)A;^i^T 
A. B. oij^h. 1317 (a) ©a«:tg£-5ri^xvt^^:«L: 

m-^7^-:$?de f. 5:OT^X';;i^fc«:|l-^7^-^d e r 
. ^n\Z^LfcXt}^'^^mm-h. IP^. M^ii-^CDmi 
x^i/.n&Cc^ttO/ci^n.:.^^?^^ 5>yr« (de f , 
. = " 1 " , d e r k = '* 0 " ) fix i^fitS^Mf'- ^ 
dTfk 7!)^. ll^fi^omx^^v.^,^c?j|t.b?c^>a-^>7 

( d e f . = " 0 . d e r . = " 
1" ) f^x-y viitl^M-r-^dTr, ^;^c. 

ft^OBux V i^j^jstc/fHx y i>^sm<r>^J^n^^htc^ 

50 i^if-i' 5>^-e« (defk =" 0**, der 
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t^AJj^tl^. ^4-feU^^267 ^S2o<DA;^?^^ 
H. I ^WOrfcO. ^i^^^253 ccis^^n/c^^ 
III** 0" 3^?^A:^^^H^. 0l-feU^^256 ^^6CD£B^ 

andipis§266 o:>mtimf)^m4'^u^^267 '^xti^ti 
i>o -ecr. ^17 (d) c^a^ctttor. andipis§266 lo 

c 0 0 5 8 ] 1^ 1 ttmm2S7 tcfi. A;t?iiia <!: urn 1 

i5?259 S:0*EXORIiIg§262(caj:^$n, 1 t'-:^ h^Ddi 

->^^-rsi3CD^{c>:^fc;L/rm 1 1:1:15^^257 t^h<om 

CO 0 5 9 ] ^2-feU^^259 5J2ocDA:^^^D. E 

d:&5A:^^^DK:. ^.^(Dmsiyy h l^i^:^^261 fJf^^ 

ANDlHli§266 <D\^timii^m2^iK^^^25S ^CXti^tl 
-eur, Sl7(b) (D^CCt^^^r. AN 00^266 
(D^m^" 0'* r^-5i#^tcA;^^^D--cDA:^?^i;?&52l 

n^o ^3-bu^^r26o {i2ooA:;^^^F. 

fc, AND |5IIJ§266 <Da5:^(iI?5^^ 3 -fe U 3? 260 A:^ 

sns. -eor, 1117 (c) (Datcs^^r. andihUS 
266 0" x^^m^^K^mi^F^(DX::hm 

^(DXJimtf^mtR^tix. msiyy vi-i^:^^26x(^m 40 

[0 06 0 ] ExoR©f§262 it. mittmm257 

<DBit}Bd tm3 i^y h \^V>:^ ^261 ;&^60i±S;^Md t 
C0EXOR^&3jc«?)rAND[pI?S264 CCtfi;^-r-5o AND 

[PI3S263 n 1 mm2^7 tf^i^(D^tim^ tmsiyy 

hUv^:^^261 *^^(Dm;^fiie i(DAND^^5?>r AN 
D!hIS§265 (rOhtJt^o 

[006 1 ] tC6X\ m^ictm I -^l^P^ 256 ii^hO 

m:^fii^8t:y h-c^-siu. -eoi^^fit'-^ h (M 
SB) (jE. ^'^-rt'-^ hr^o^ocD? f 50 
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A;^iiia<hL/rr-:$?fc*-y htaaiS268 ^^^(O^ 

t}m^\ xtjmbtuxmmiy^ji'dT, f)^^^xtf^ 
ti. m^<Dm<Di^4'^f)^tm^rix. ^<Dtmm^iciz>o 
X. h(Dm:^mc^sANDm^264 
1 1'-:^ hcDm:^iSd;^)^ANDiPiss265 tcm:f^$no, 

[0 0 6 2 ] ANDlelS§264 E X ORIhIS§262 ;:ji6 

(DiBt}mtm2}±.m^2S8 ib^(^<DB^:^mc toANu^ 

^^XAHD^^iee (iC\^tir^o AND[5l?§265 kt. 

andipi§§263 i)>i:><Dih:bBtm2ttmm258 f)^(^(Dm 

AND(eI?&266 AND(Hl5§264 ;&^6<Dai;^SO'AN 
Dm^265 i)^h<Dmt}<DAND^^it>X. ^2-feU^J? 
259 i||3H2lx^aJ260 tmA^\^^^267 ttCiii:^'^ 

[006 3] ;xtc. ±i^o:>mmc-yi^xf^m'^^m-r 

yt^'-^yV'2(^xit'r^:^^if3^(hnfbtitcmxm 

^icm 1/ /■c/^' - ii/ u ;^ > :^^\^(on^m'^^K 
it*iS3. «tg4, LPFS^Mfil/r. A/D^i^ 

^6^^l^5^i^„ AXD^^^6JcrVCOl3^>^C7> 

%U22: mmmmw.^23, ^-'ty^i^m24(,cx. ms, 

^4. ^5, mQ<Dyn-^-^-h^c'i^-:>tc^m^H'ft> 

^7^C:feCt^t&{^^>VCOl3;!p6<Di5'a':^ ^m-^^^m 

MLxnt^n^. 

[ 0 0 6 4 3 $ fc. mM^i x^t^o^mmm^ii^ 

X. mBmrny'-^dT, ^mf^n. mfbtitcmEmm 

mmr- ^dT, « D/A^j^^njcrfi+a^^ff ^tc 
m^^ti^. mmmm^\tLPFi2(c^'oxw^m^£ 

J\^(^^Z^0XVC0l3ifCXmm^ a ^S^d-^CDfitBT^^'li^ 

^S-^^7^c^^^^5„ 

[0 06 5] C(7:>i'n-^i7{t-^jcl5l^U-C. Ij^l^tcA 

/"D^mexa^v^y'oy^mii^t. mxmnmix 
(om.im^T'-^d, m^mmM'f-^ dT^ (om^ 

d, i/7m,mmmmmyf^tiX7t<otmf'-'^ 

[0066] (1^2 nfifefi??) ^^m(Dm2ms^m m^ik 
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^^6a mi:KM^73u D/A^^^lla.LPFl2a.V 

COi3a k:rmfx y vCc4ot:f ^^Hi^^ 

tifisu. A/D^f^^6b. mxm^Jb, DXA'^m lo 

llb,LPFl2b,VCOl3b Ccrf^x t:^ i^&CisC:^ S^tS 
D/A^^^lla, lib. LPFi2a, 12b, VCOl3a. 1 
D^^^6. DXA^IkmrL LPF12. VCOuiH 

[0 0 6 8] $;^c. :^;t^^7a. 7bC7)^^i>. fu^O 

[0 0 6 9] ^19. ^2CHS-E-n-enmfX i^^, f^X 

■eti, if /c?S:Mx vm:^(my'- ^ d e f ^ ^ A;^T 30 

(y^X-;;-7'8i) , fifX5rt>{it@^^7=-^dT f . 
^dTf. = (C..a..,~y,., ) * de f. ^X^n 

^f"-^dTf, 75^6 5 I GN^i5:^m^r-ecD@ttP 
o fk ^ifWT^ {::^Tyy'S83) » C(Z)@1±P 
ofk i 1 ^:^a-yi7f(r(o@^Po f i^^^urfe 

Tf. €rD/A^f^^lla Ocai;^T^ C:^ 7" :7' S S 40 

7) „ i£-o^©M*5o^?^-c5>€>i#^^sj. f#e> 

5) « mrx i/fi^l^Mx- ^ d T f . 

ly^JldTo l^:XTX^^m^^^t. n^tlfcm:^yi^i^L 
mmmy=-^dT *D/A^^^lla Ccai;^T^ 

OA^l^ti^^CU, ^©CDS^Pof, ^MllOSt^P 
o f iCtS^ (Po fk =Po f ) C/d^ (^^-r 
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[0 0 7 0] ®2oi^/i^Tftx vih<Dm'm^^^^ 

)^Xkt. ^/VcCf^x-:;>?^^m-#-r--^d e r, ^A;^; 
-r^x!: (Xf-^ygi) . fax :ri/{iffiP^f^-^dT r 
» ^dTr^ = (y,_i -Ck.aw) -der, tcrjM 
n-th {7.7~yy's2) , ^666i^j^cf^x 

m^T-^dTv, i3^hs\GHm^^m^^x^<Dm^ 

Per, ^ttmr^ (>^7"-:;:7*S93) , CO^ii 
Por, i 1 ^n-;r>7fa(D@i4Po r._x t^mWLX 

mmM-r- ^ (ow^mt^^it^. mwmtf^ o u±xh 
iii±x^^m^(>at. f#6n>^cmx s^^g^Mf^-^ 
7) . ^©^mM;^^o^^-c$>€>i#^tc«. 

n/cf^x iymmMv"- ^ d T r , (D^>PfMiBff^<^> 
laMU^^l'dT, <tCD;^/jN^J:b|j^f ^ (y^^yy'SS 
5) , fix iymmM7=- ^ d T r . cD^MfilTiJ^^iii 

^mr'-^dlT^ ^D/ASmSub Jcai;f7-rS 
C^T^'y :7'S97) „ —15. dTr, om^M/J?^dTc, J: 
OA^C^ii^^c«. ^^(OW^PoT^ ^mMOmSiP 

O Tk.a CCS:^ (PO =Po r,.i ) O/Cf^ 7^ 

^^^•S96) . m:x~yVm^WM7'-^dTv^ 

[007 1 1 MS:^-^7a. 7to!P60BUX •:r^x&tm 
^r-^defk . 'ik:^vi^mXm^'f-^de T 

, m«F I Foy^u^r^fj^or^^^nrc^^ 

^^^9^. lux-:.ix^^-^7=--^d e f , ;!)5VCO 

T3^i)^h<om:t,y^^^uv^mn^mmh. ^/c. ^x 

yiyWt"<K-^^-^d e ;55VCOl3b i^hO^k^^v 

iy^uy^m^^cmmhx. xt^-^n^. -e-ur. bux 

^V^m^T^- 3? d e f . S W^x y iy^Lim'^'T- 

y ^m^o:>i^tit^(^mmLx^^^fjm9f)^(bm^m 

:$tlX^f^LtcmXm^r'-^d, i^jr^o ^eo^J^y" 

[00 7 2 ] ^c:fo\ ±j^Ltcmmmx^t. m:im'^m(rc 
mmy'~~^^mfj\^ts:\.^^^^m^i^x. m-^x-^-^^ 

X7-7!)5^^LfcJl^cci3:. ii[i!0{ita^.^r'-^^ll 
c;ai:^-r^ci:^ccbr^. ^-^x^-cD^JS^P^cci 

^4'feui'^267(om:^€;X(7:>^a -v>7^>r 

ItX^-r^iyy ViyiyT.^^m-i. ^4 42 1^15? ^267 

©A;b^^Htc^lSg;^S253 O^fii" 0" Xf^< c 

mtmmK. an D^m266 <Dmt}mic\z>oxm 4-^21. 
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[0 0 7 3 ] ^/t. ±^Ltcmmmv^t. mmLtdiLm 

^^2mimmx:^ ^ ^ 7.^\h\^x%hkx^mmmm^ 
i^^mhfcmmmm^^im\^tcm^^x. ^uv^ 

x^^^:^^mLxni^n^mmmmwt. ^motdt 

mmmmnt^m^t^K.x. i^M^<Dfm(fCx^uy ^ 

[0074] 

m^M^^^^ L r ^ P L L HKI^k: J: or=^^ + >-fe;u? 
ti^<DX\ '^^mMrJ:i^L^X'W^m^^'^>y'v>^x 

^x. mxm^^iEb <n^^ t^^. mxm^mcx. 20 

v-^^^^0Xi>'t<Dm^:^'7-^^^^v ^m^i^B^ 

[ 0 0 7 5 ] ^^0j|rii. ^w. x-y$xv:7h. mi^x 
mrti^^mmjEt^<Dx. j:.^-Bm^'prj:<. x^ 

[^M<^^#^5:iJ4H>g] 30 
[0 7] S:€;m^^o{its^^^i±j^cDS£^oi6f^^/® 
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[^8] mEmmu^mmKo^^m^^stmx^^. 

^m^mtyti-^^-hx$>^, 

mi 3] im^M(D^mM^^-rmmx$>^. 

mi 4] mi^fm(cm^^mmMf-^m^frs'rm 
xh^. 

[015] M(m.^m^^\^h^^mm!m^(n>nwm 

[016] mmm^^u^^^-i ^tm.^(DK\!^tim% 
^ns^mxh^, 

[017] mmM^^m-c^^^h'^xy^p^cDM^^^^ 
-ly^TT^-rmxh^^ 

[018] {sitB^llO@tt#»J^tC45C:f 5^MM^7nT0 

[019] mmmk^^<o^m^<on^^m^m-ty 

[02 0] {iiti^^-^aige<7^^^^<Dillf^#)li^7J^r:7 
[^^^(DI^Hg] 

1 ^'taT.^ 

2 iT^^-v. --^ K 

3 ifiPi^ 

4 ^{t^ 

5 n->'A*J5^^ (LPF) 

6. 6a 6b A/D^^^ 

7. 7a. 7b s:?:^^^ 
8 

9 ^1^^ 

IX lla, Ub D/A^^ 

12. 12a. 12b n->'N-X^Y;U^ (LPF) 

13. 13a, 13b "mmm^w^ (vco) 

21 -7->^^j^gI5 

22 cf3>CNiit?||^ii5 

23 i^m<%n^ 

24 -7-->?^ad^ 

25 Oita^M^aigp 
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